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A Report upon 
The Flow:of Vater Through Rectengular Notches 
by 
D. L. Yarnell, Senior Dreinage Engineer, 


Bureau of Agricultural “%ngineering 


Experiments made at the University of Iowa Hydraulic 
Laboratory for use in conection with the studies 
on soil erosion from agricultural lands 


Introduction f 


This report presents the results of a series of experiments on 
the flow of water through rectangular notches in metal plates which were 
conducted for the purpose of calibrating such devices for use in connec- 
tion with the measurement of the amount of run-off from agricultural 
lands and the amount of silt washed from the surface of the ground. . The 
experiments were conducted by the Bureau of Agricultural Nngineering, 

U. S. Department of Agriculture, and the State University of Iowa at the 
University hydraulic laboratory during August and September, 1961. 


The report describes the construction of the apparatus, the method 


of making the tests snd presents. the experimental results. 
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PURPOSH OF THE TESTS 





In connection with the soil erosion investigations nov being 
conducted by the U. S. Department of Agriculture, measurements are being 
made on the run-off from and the erosion on very smell plots of ground, 
nemely, one tenth and one one-hundredth of an acre. It is impractical 
to collect the entire amounts of runoff and eroded materirl from such 
trects, hence a gel aie nals sample of the runoff and the croded ms- 
teri:l must be obtsined for each storm. 

The soil erosion plots, located on sloping ground, are ususlly 
rectangular in shapo, from .6 to 10 feet in width and 100 fect or more 
in length. Mctal plates, 12 inches wide, are embedded on edre in the 
soil along the boundary of esch plot so that the surf*ce water must 
flow over the soil to the lover end of the tract. At this point the 
4 water passes into.a metrl box, in one end of which are loceted two rec- 

tangular notches of different widths, nemely 1/2 inch end 3 inches. 
The discharge through the 1/2 inch notch is collected in a tenk while 
the discharge from the 3 inch notch is permitted to escape. Thus a sam- 
ple of the runoff and the -roded materir] is obtained for every storm. 
For the larger tr-cts a rectangular notch, 6 inches in width is used in 
place of the & inch notch. 
The purpose of the tests was the celibration of the notches so 
that the total runoff from the tract could be computed after the emount 
* of the sample flow from the use inch notch wes determined. In other 
vords, it was necessary to determine the ratio of flow between the 1/2 


inch and 3 inch notches. A constant ratio of flow was highly desireble. 
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DESCRIPTION OF EXPE IMENT:L APPARATUS 

The University of Iota pos«cs”es in its hrfr: ulic."laboretory a 
steel orifice and weir tank, 4 feet wide by 10 fect long by 4 fect 8 inches 
dcop. This tank furnishes the most economicsl merns for calibrating the 
proposed notches. <A plete in vhich the desired rectangular notches vere 
cut was bolted to one end of the stcel tink. The apparatus, as sct up 
for testing, is shown in Plate A. This viet shovs the 1/2 inch and 3 
inch rectangular notches. The plates having the 1/2 inch and 6 inch 
notches vere similar to the other plates, the metel strip separnting the 
smeller and the larger noteh being two inches tide for all cases. 

The depth of flov through the rectangular notches was measured by 
means of a hook gage. This gage wes set in a stilling vell attached to 
the side of the tank, see Plate B. A pipe connected the stilling vell 
with the tank. The water from the large notch was measured in the lnbo- 
ratory weighing tanks while the water from the 1/2 inch notch was moeas- 
ured in a volumetric tank, 2 ft. 4 inches wide by 8 feet long by 2 fect 
dcéep. This tenk had a capacity of 30 cubic ‘feet and was eauipped with 
staff gages for reading the depth of the water. 

The plates experimented upon consisted of tivo kinds, galvanized 
iron, 0.078 inch thick (No. 14 gage), and brass, 3/16 inch thick. Three 
pletes were made of galvanized-iron, one with 1/2 inch end 6 inch notches, 
two with 1/2 inch and 3 inch notches. The duplicate plate was made for 
the purpose of determining the effect of any smell differennes in construc- 
tion upon the discharge. The lips of the notches were mede square, the 


Vidth of the lips being the thickness of the metnl, namely 0.078 inch. 
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cata: 
Tvo plates were made of brass, one with 1/2 inch and % inch notches, end 
one with 1/2 inch end 6 inch notches. The lips of the notches in the 
brass plates were made 1/32 inch wide. 

. fn adjustable false floor was used in the orifice tank to measure 
the effect of bottom contraction on the discharge through the notches. 
Through adjustable vertical valls the effect of side contraction upon 
the Aischarce Was measured. 

The channel] used for the regular tests was 4.08 feet wide by 3.5 


feet long by 4.5 fect deep. 


METHOD OF CONDUCTING TESTS 

In order to simulate field conditions it Was necessary to measure 
the discharges through the 1/2 inch and the 3 inch rectangular notches 
simultaneously as well as separately. The tank used for collecting the 
water from the 1/2 inch notch was carofully celibrated by weighing the 
amounts of water renuired to change the vater level in the tenk. The 
large laboratory veighing tenk vas used to measure the wetter from the 
S-inch notch. The discharges from both notches vere timed vith stop 
vatches to tenth seconds. The heads on the notchcs were measured by 
means of hook gnge reading to 0.001 ft. Readings of the hock gage were 
recorded every 30 seconds during :n experiment and the average of these 
used as the correct head on the notches. A test wes made to determine 
the error caused by such a procedure. The discharge wes measured under a 
fluctuating hend. . The hook gage readings were then averaged. nother 
test was then run at a steady head equal to the average head in the pre- 


vious test. The discharge through the 3-inch notch vas the same in each 





ae 


ecase.. The discharge through the 1/2-inch notch varied only 1 per cent. 

Water entered the approach channel over a weir 3 fect in front of 
the notch plate. No attempt was made to smooth out the turbulence in 
the water by means of baffles since it was not expectod to use baffles 
in field installations. For heads above 0.93 feet the weir’ became sub- 
merged and a scries of standing waves was formed in the channel which 
may have affected the hock gage readings a little. 

A11 notches were tested at intervals of head of 0.01 foot for 
heads up to 0.10 feot; 0.05 foot for heads from 0.10 to 0.30 foet; and 
O20 foot for all heads ovor 0.30 ft. The mexinum head run was 1.10 


foot and the maximum discharge through two notches, 1.8 c.f.s. 


| 
\ 











po 


Over 350 tests were made on the folloving sixtecn different set-ups: 


Width of Kind of width oF Distance Floor 
Notches, Metal approach below crests 
Inches Plate Channel. of Notches 

Fect 
are AO Only e tron 4,03 So bercet 
he (3 (first plate) 4.03 b inchos 
AY ees " " 4.03 1 inch 
by coats ft " 4.03 Level with crest 
Mea 3 " " 2.23 Level with crest 
ees " " 0.83 Level vith crest 


eee sGee Gel vert ron 


(duplieate plate) 4.03 1 inch 
22 4, " 4,03 Level with crest 
po Se ae " 4.03 1 ineh 
fe os " 4.03 2 feet 
Vos 6 Galv. Iron 4.03 The wats a 
Ly on G " " 4,05 Level with crest 
1/2, 3 Brass ALOe 1 inch 
1/2, 3 Brass 4.03 Level vith creat 
T2006) areas 4.03 1 inch 
1/2, 6 Brass 4,03 Level with crest 


For low herds the duration of =n experiment was usually 12 minutes. 
As the head incrensed this time was gradually diminished to 3 minutes. 
Sufficient water wos run in each test to m:ke the possible error in weigh- 


ing ana mcasuring negligible. 
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Effect of Mctal Strip Between Notches on Discharge 

The space between the notches was 2 inches which was too small 
a distance to allow the notches to act independently of each other. 

The cffect was to turn the jot fron the 1/2-inch notch toward the larger 
notch. This caused the 1/2-inch jet to cling to the side of the notch as it 
passed through the opening while the jet sprang frec from the opposite 

sice of the notch. The large notch was not sProcted so noticably by the 
small notch. The jet came out at right angles to the metal plate although 
the contraction on the side next to the 1/2 inch notch was not as sreat 

as it was on the side opposite. 

Effect of Plato Material on Discharge 

The reliability of galvanizcc-iron as a material for notch plates 
was dctormined from this investigation. Since such platos cost about one 
sixth of the price of brass plates, this question was important. The 
discharges from the three galvanized-ircn plates were compared with that 
from the two brass plates in order to determine the differences if any 
existed. The brass notches were machined true and were accurately cimnen- 
sioned. They were regarded as standard and as nearly perfect as would be 
secured. One of the galvanized-iron plates was somethat warped but the 
OUNer tHO Were quite perfect. 

The results obtained showy that there is little difference between 
the discharges through the 3-inch or 6-inch galvanized or brass rectangu- 
lar notches. The variation is small being not more than ] or 2 per cent 
throughout practically the entire range of head. This amount of error can 
easily exist between two tests under identical conditions and can be at- 
tributed to the inability to measure all quantities to more than three fig- 


ures and to the element of judgment which enters into the 





er 


draving-up of the discharge curves. Hydreulic experiments of this type 
gener-lly check no closer than 1 per cent. Hence it is reasonable to 
say that the discharge through the large notches was the sare whether 
makes or galvanized-iron plates were used, even though the galvenized- - 
iron notches were not exactly true. 

On the other hnnd the 1/2 inch notches show greater cischarge in 
the galvenized-iron plates than in the brass plates. It is believed 
that this is due to the fact that the galvenized-iron was thicker than 
the brass et the edge of the opening, the gnlvenized-iron plete being 
OeOo7e.1meh thickvand the Lip of the brass notch in the bress plate 0.040 
inch thick. Since the jet crme through the 1/2 inch notch at a consider- 
abloonngie, the thicker metal causcd the jet to cling to it more then to 
the thinner brass lip and so increased the effective arena of discharges. 
This effect whilc not large was evident throughout the tests. If this 
conclusion is correct, it is important that 711 notches have the same 
thickness at the edgc in order to give uniform perform:nce. 
Effect of Depth of Chenmnel of /.pproach on Discharge 

Inasmuch as the depth of the channel of spproach to the notches 
can not be made vory great in field installations, the effect of the 
depth of the approach~cha:msi on the discharge through the notches ves 
investigated quite fully. Tests were run on the same notches with the 
TLOOrMOT, the Bupa eon enannel eo tbe, Ged ft.6 inches, and 1 ineh) helo, 
the crests of the notches and also with the floor levcl with the crest. 
There wes always a cert: in anount of turbulence at the entrance to the 
approach channel and this acted in different tays as the location of the 


floor was changed. It is believed that the standing weaves set up in the 
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channel of approach caused the readings of herd to be slightly diffcrent 
under-ench position of the floor aah thet the variation between the dis- 
charges at various floor levels is more a measure of the effect upon the 
hack gage piezometer of the currents in the channel then of actual change 
of discharge. It fa believed that this condition affected the results 
of the tests with the floor 6 inches bélov the crest so that this set of 
tests varices a little from the others. Apparently the velocity of ap- 
proach is so small that the jet gets its full verticsl contraetion even ~- 
vith the floor 1 inch below the crest. In all of the tests with the 
ehennel of approach 4 fest in width, the velocity of spproach was negli- 
gible. It would be expected then that this width of chnnnel could have 
any floetr:levecl greater than 1 inch from the crest and still deliver the 
same amount of water through the notches. 

Phe effect upon discharge of the floor of the approach channel set 
level vith the crest of the notches ¥as pas Erne since this condition 
might be used in the ficld. This sot-up gives less discharge for the low 
heads and greater discharge for the high heads than vas obtained for the 
té6ésvs With the floor set below the level of the crest. This vas to be 
expected. sas the vater approsched the notches the velocity vas decreased 
at the bottom due to the friction of the floor end no vertical contreac- 
“tion existed at the lov heads. Hence at low heads the effect of the floor 
level with the crest wes to slow up the water end cecrense the dischnrege. 
Por higher herds, he over, the effect of floor friction became negligi- 

caused the jet 
ble and the absence of verticrl contraction of the under sice of the jet, 


to hnve greater cross-section»l area and accordingly greater discharge. 
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This increase in discharge grew less as the head increased since the 
area affected became a smeller and smrller portion of the total cross- 
sectional area of flor. 

In the laboratory experiments, the heads on the slots rere 
measurec by a piezometer in the side of the approach channel 2 ft. 8 in- 
ches in front of the notches for the standard tests. For those tests 
having diffcorent channel conditions the head wes measured by a piezome- 
Ler in the: floor near the center of the channel and 12 inches in front 
of the notches. This variation in location is undoubtedly more extreme 
than the variations of piezometer locations in field set-ups vould be, 
but the difference in discharge through a notch under otherwise identi- 
Cai conditions as only «2 per/cent. Hones, 1% is felvi that tho point 
at which the head on the notches is measured is not of great importance 
although it is recommended that, if practical in field locations, the 
piozometer opening mey well be placed on the side of the approach chan- 
nel 2 ft. 8 inches in front of the notches. 

The percentage-variation curves generally show e large fluctua- 
Pons ceLOweneaas,. It-ie felt that this is not an indication! of widely 
varying results for the reason that it is impossible to read accurate 
values from the curves near the origin. Thus one curve for the 1/2 inch 
notch may shox a discharge of 0.0004 c.f.s. at 0.02 ft. head and another 
O,0005 o.fes. The percentage variation of the second from the first is 
25 per cent but actunally it makes little difference since cither quan- 


tivvyers toc small. to have much effect.on the general result. 
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Effect of Nidth of Channel of Approach on Discharge. 

Tests were made on the folloving widths of channel of epproach: 
Wim eis cone tte; nd 0.65 tb. tt was Tound that, for the same head, 
reducing the width of the channel of approach increased the discherge 
threugh the notches. This is naturel since the velocity head of the 
moving water becomes greater vith the narrovy channels. Horever, it is 
not believed then chennels more than 4 feet in width will cischarge less 
Veter thandid the 4 °ft. chrenne)l, forgthe velocity of the water is) so 
smoll that the maximum velocity head is only about 0.001 ft. for that 
width, “Wider chrnnels rould reduce this head still further and its cf- 
fect would be too small ta measure. In the 0.85 ft. chrnnel, however, 
the meximum vclocity heed was 0.027 ft., an appreciable amount hich 
hes considerable effect on the discharge. 
Hydraulic Forrmlas for Rectsngular Notches. 

in a scarch through hydraulic litereture it was founc that 
he We Meynard and J. P. Hurley made « series of experiments in 1907 on 
the flow of tatcr through narrow rectangular notches at the hydraulic 
lanorabory sor Corncli i University. Soc “The Cornell Civil Engineor"™ 
PPE, Lube, pages o64-591l. These experiments covered le veirs with 
erests ranging from 3 inches to 51 inches long. The formulas cerived 
by Meynard and Hurley are as follors: 


For high heads 
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They stated that the "point of chnnge 


another™ ras not fully apparent. 


from one lav (formuja) to 


Naturally forrmlos 1 and 2 are not strictly epplicrble to these 


experiments since these tests have 


ro notches in the side 


of a metel 


box separated by a strir of metrl only 2 inches wide. 


Studies vere mace of the experimental data by plotting on loga- 


rithiic paper the recormended discharges for various heads es given 


q 


under the chrpter "Recormendations." 


It wes found that, vith the excep- 


tion of cert:in discharges for some of the lovest heads, the cata fol- 


loved the straight line lav. 
for the 1/2 inch notch for heads under 0.06 


were derived for the various notches: 


The greatest variation was in the deta 


tt. The folloving formas 


For the 1/2 inch notch when used with either the 3-inch or 6-inch 


notch 
@ = 5:46 1 4 1-49 (3 
For the 3-inch notch 
Gg. 84 qh teOe (4) 
For tho 6-inch notch 
Tye) egies ala eel Berg 
Formulas 3, 4, and 5 cen be used only with weir boxes, 4 fect 
Fide. and, 3 feet lot box at lerst 1 inch below 


With the Lloar of the 
the crest of the notches. Naturally a strip 
Separate the notches. “hile forrmla 3 is « 


inch notch, separate formulas for this slot 


either the S3-inch or 6-inch notches, 


of metel 2 inches wide must 
eeneral forrula for the 1/2 


nay be derived for use vith 
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RECOMMEND:TIONS 


Due to the ereat cifference in cost between brass pletes and 


galvanized-iron pletes it is recormended thet the notches be made in 


galvanized-iron sheets of No. 14 gage. 


This gage metal was used in the 


laboratory tests and should be used in-all ficld installations. 


2 


he 


HwincG ana 6 fect lone. 


it is recormicnded that ‘all ficld boxes be made at least: 4 feat 


affect the dischorge table recormended for use. 


Se 


Greater vidths and lengths than those vill not 


Prethestioor of a 4ft,. by. fie box is placed) inch (orimera) 


belov the crests of the notches, the following dischargo table may be 


Mee Por ficld vork, the error in tho Laboratory tests for any particu- 


Sereno rcm beri in foneral less than 2 per ceut. 


Notch 


Fost. 


0.02 
04 
06 
08 
10 
015 
- 20 
0 20 
50 
40 
200 


Head on. Discharge 
through 


44-inch 
Noteh 


Gro cre 


0.0037 
~0085 
0139 
~0201 
0272 
048 
073 
»1L02 
1354 
- 206 
sais) 
0070 
469 
0074 
692 
813 
964 
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For 1/2-inch & 23-inch 
Notehes | eet 


Discharge 


throurch Ratio 
1/2-inch fone 
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For 1/2-inch & 6-inch 


0.0055 
00144 
00254 
0358 
-0058 
~0985 
148 
- 206 
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0.0004 
00012 
0023 
0054 
-0049 
~0090 
0158 
eO19L 
0248 
038 
0052 
~067 
083 
~ 100 
ryt ele 
140 


PO a, MNO CHOS ea Ne 
Discharyte Discharze 
through through 
6-inch 1/2-inch 
Notch Notch 


Ratio 
flow 


11.68 
11.41 
11.24 
URE, 
11302 
10.88 
10.80 
10.78 
iO. 79 
LO.oe 
11.80 
11.06 
Lee 
11.24 
11.38 
11.66 
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if the cxact head on the slots is not knotn, then the folloving 


ratios mey be used: 


Heads Heads Heads 
Leon Zere from fron 
to Qlaas see - Cicoertcore 
Oey tte tOs0 8 iu bon) ene 
For 1/2 inch and 
S-inch notches 
Bate Os +t 26 ie a oul 
'z to Q 1/2 notch ies) Deo a) 
Ratio Qtotalz to Q1/2 640 OD Be 7 
For 1/2 inch and 
6-ineh notches 
ved i \ ia 6 ° e 
Ratio Qe to 1/2 10.69 is Tbeseb 
Ratio 11.9 eek Vere) 


Stotal ©° %/2 


The results obteined by the use of this table vill not be more 
than 5 per cent in error except at hoads under 0.04 ft. where the dis- 


charge is very smell. 





